Cost benefit analysis (CBA) is a useful tool for investment decision-making from economic point of view. When the decision involves conflicting goals, the multi-attribute analysis approach is more capable; because there are some social and environmental criteria that cannot be valued or monetized by cost benefit analysis. The complex nature of decision-making in road safety normally makes it difficult to reach a single alternative solution that can satisfy all decision-making problems. Generally, the application of multi-attribute analysis in road sector is promising; however, the applications are in preliminary stage. Some multi-attribute analysis techniques, such as analytic hierarchy process (AHP) have been widely used in practice. This paper presents an integrated framework with CBA and AHP methods to select proper alternative in road safety projects. The proposed model of this paper is implemented for a case study of improving a road to reduce the accidents in Iran. The framework is used as an aid to cost benefit tool in road safety projects.
Introduction
Cost-benefit analysis (CBA) has been used as a proper tool for assessing proposed public projects since the middle of last century. In fact, CBA was originally created to apply for projects taken in charge by the public sector (Campbell & Brown, 2005) . Road infrastructures are one of the projects undertaken by this sector. CBA is used when deciding about investments in road projects (Ivehammar, 2008) . Additionally, CBA has been used for many years to make priorities for road safety projects. Its application goes approximately more than 2 decades back, but has remained arguable yet (Hauer, 1994) . Joksch (1975) in an evaluation of the suitability of CBA to road safety measures, concluded that there were so many problems in approximating both costs and benefits that one should not trust in CBA to decide whether road safety measures must be applied or not. However, his criticism did not question the basic rules of CBA; but another critic like Hauer (1994) , refused the basic rules of CBA in the field of road safety. He believes that putting a monetary value on human life is ethically improper. Elvik (2001) identified some types of criticism for CBA: (1) basic rules of CBA are not applicable to road safety; (2) some types of road safety costs and benefits cannot be calculated by CBA; (3) setting road safety policy goals are not manageable by CBA. Additionally, Elvik (2003) criticized CBA, because only a few road safety measures are cost-effective and their benefits are more than their costs. He presented cost-effective road safety policies could stop up to 60% of the current number of road accident, for a period of 10 years. However, CBA would only stop up to 15% of the current number of road accident during the next 10 years. Wijnen et al. (2009) declared in many of road safety projects, putting human lives in monetary value, is an important issue. They discussed the value of a statistical life (VoSL) and willingness to pay (WTP) as concepts that are often applied to calculate safety effects in monetary form of road safety measure. They compared VoSL method with other methods specially the human capital method and quality adjusted life year's method in order to monetize road safety effects. They discussed detecting the benefits of road safety project are often arguable. Bax et al. (2009) found that the ranking of road safety projects based on the results of economic evaluation, specifically CBA, has some limitations. They presented some reasons for this fact and designed a framework by knowledge utilization theory for detecting the limitations. They investigated these limitations by interviewing 83 road safety DMs in various European countries. As a result, various technical limitations such as lack of knowledge of the benefits of road safety measures were found. Elvik (2009) discussed the relationship between efficiency and equity as two main tools of road safety policy. In order to make road safety measures efficient, prioritization must be exactly compatible to CBA tool. However, setting priorities for safety measures completely based on CBA won't result in assumed equity and fairness. It is concluded that there is a struggle between efficiency and equity providing road safety. Providing much equity would be far than efficiency, as the only aim for setting policy priorities. Elvik (2010) discussed about motivations for making priorities in road safety policy, more efficient by the use of cost-effective road safety measures. He argued that much of benefits of road safety measures could not be monetized in market and would never increase the income or profit. Therefore, the influence of real road safety policy must be empowered by some other strategies. declared that some road safety problems have lasted for a long time. He argued that the characteristics that can make a problem difficult to solve are to some extent associated with human behavior and believes. Hauer (2011) declared that these two parameters associated with human have been the most controversial and dissolvable issues of CBA in road safety projects. He argued that the CBA tool is not efficient because: (1) estimates of the value of statistical life and injury depends on the place and it is in contrary with the value of time estimates; (2) CBA needs to calculate present values by discounting the value of future lives and time. As a result, time savings are valued much more than real when it is compared to life. As discussed earlier, there have been enormous researches about road safety projects and the problems of benefits and costs measurement. The results of all researches show that assessing road safety projects by CBA would cause only few roads to improve, because considering the rule that monetary benefits must exceed costs will not result in a large improvement in safety. On the other hand, it is not fair to reject improving safety in roads only because monetary benefits are smaller than monetary costs. Now it is time to develop CBA tool with some techniques that are able to consider quantitative factors beyond the qualitative. In order to solve the mentioned problems and issues, some researchers have developed new methods to use alternative methods instead of CBA or as a complementary aid to help DMs estimate exact benefits and costs of road projects. Decorla-Souza et al. (1997) explained the new method of total cost analysis (TCA) in order to compare transportation project alternatives. The method calculates full costs of each alternative like travel time costs, monetized environmental and social costs; so that some costs assumed as the benefits in the form of saving mode in BCA would bring to the costs side in TCA. The most important advantage of TCA over current BCA is that the meaning of total cost can be more understood by public rather than BCA terms like internal rate of return. Another advantage is that DMs are free to consider whatever benefit they accept as the result of the project and there is no obligation to calculate all benefits. Womer et al. (2006) developed a method, which conducts CBA using data envelopment analysis (DEA). The new method covers most deficiencies of CBA and gives DMs a tool to assess different projects with conflicting views. Salling et al. (2009) presented a model in order to evaluate transport infrastructure projects called CBA-DK. The model integrates current CBA as a start point, with quantitative risk analysis by Monte Carlo simulation. The main issues of the model are current CBA concerns such as travel time savings and human life value. The proposed evaluation model uses both deterministic and stochastic based data. This model is used as a decision support in providing road policy making. In this paper, a new framework is presented that uses multiple criteria decision making (MCDM) as an aid to help economic evaluation more efficient and helpful. MCDM helps find the best opinion from all of the possible alternatives in the presence of multiple, usually conflicting, decision criteria (Torfi et al., 2010) . Analytical hierarchy procedure (AHP) is one of the MCDM's methods developed by Saaty and is perhaps the most famous and widely acceptable method. The main advantage of the AHP is that it is user-friendly. Some other advantages are unity in process, systematic analysis of complex problems, hierarchy structuring of decision process, consistency and trade-off between different criteria (Dyer & Wendel, 1985) . Its simplicity of use is due to an exclusive integration of design attributes. It considers both qualitative and quantitative attributes together (Dolan, 2008) . AHP is the most successful application in group decision making (Harker, 1987; Zahedi, 1987) . AHP has been widely used in different projects such as prioritization of water resources projects, environment studies, road and highway constructions, etc. However, there has been no research or method to use AHP in CBA of road safety project. This paper is organized as follows. We first present the proposed methodology of our research in section 2. Section 3 explains the details of our implementation and finally section 4 summarizes the contribution of the paper.
The proposed framework
The proposed model of this paper uses an integrated method to combine CBA with AHP in order to provide a framework for economic evaluation of road safety projects. Organizing the proposed framework, we need to gather required data and information to form criteria and attributes that affect economic evaluation of road safety projects. Literature review of the previous studies gave us some traits considered as criteria. We also gathered DM's opinions by interviewing them and 5 criteria and 23 sub-criteria were recognized. Finding the importance of each criteria and sub -criteria in hierarchy, pairwise comparisons would elicit for each level of hierarchy to obtain the weights for each level based on one element in the next highest level. We could find the local weights of all criteria and sub-criteria. Eventually, the AHP algorithm was applied to the data and the results were analyzed. Finally, we implemented the proposed model of this paper for a case study in Azerbayjan, Iran. The proposed case study aimed to improve the traffic jam in Miyaneh -Tikmehdash one lane road to two lane one.
First, to gather the necessary information, we chose seven experts in the field of road safety economic and project managing. All the experts were familiar with the most important issues of CBA in road safety projects. Interviewing these experts helped us find criteria and sub-criteria affecting the economic evaluation of road safety projects; Table 1 summarizes them. As we see, the determined criteria are completely independent from each other so that applying AHP method would completely lead to correct results. Note that in case there are some dependency among data we need to use ANP. In the second step, in order to determine local weight of each criteria and sub -criteria, we have used DM's feedback on each factor so that pairwise comparison matrices of relevant contribution have been constructed and experts could compare the attributes. The numerical scale used for assessing values to these comparative rating is shown in Table 2 (Henderson & Dutta, 1992) . Extreme importance 2, 4, 6, 8 Intermediate values between the two adjacent judgment
Since there is more than one DM, we would have 7 pairwise matrices for criteria and 35 pairwise matrices for sub -criteria. In order to find group comparison matrices, we have used geometric mean. Finally, the group decision matrices allow us to find the local weights of each criteria and subcriteria. Table 3 summarizes the local weights of criteria and sub-criteria. In step 3, we must determine the inconsistency within the matrices. The consistency index (C.I.) is used to estimate the consistency in experts' judgments. The index of C.I. has been suggested by Saaty as a measure of inconsistency of the judgments. Typically, if C.I. is equal or less than 0.1, the judgment would be taken as acceptable, otherwise the DM is urged to reconsider his/her judgment (Saaty & Vargas, 1984) . Table 4 presents the inconsistency of judgments. 
As we see in Table 4 , all judgments have acceptable inconsistency ratio.
The implementation of AHP
Analyzing gathered data, the proposed model of this paper is applied for a case study considered as improvement of Miyaneh -Tikmehdash one lane road to a divided two-lane one. Feasibility study of this project gave us 7 different alternatives. In order to select the ideal one, different assessments such as technical, financial and economic evaluation are performed. After technical and financial assessments, only 3 alternatives are accessed to economic evaluation step. Selecting the best The analysis ndices must nconsistency No. 1, 2 and 3 weight for ea n of all loc his paper.
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Validation
After ranking the alternatives, the results of the implementation of our proposed model in real-world case study of this paper must be validated. There are some techniques to help DMs make decision if a project is economically justified or not such as net present value (NPV), benefit to cost ratio (BCR) and economic rate of return (ERR). In fact, the Miyane -Tikmehdash project has been analyzed by these three techniques. In order to find the mentioned indices the different costs of alternatives must be calculated as shown in Table 6 . After the costs were determined, the benefits of each alternative must be calculated and compared with the base case. The base case in this project is to continue without doing any improvement in the road. Table 7 shows the benefits considered in CBA of the project. In this step, we calculate the net present value of different alternatives X, Y and Z with 12% discount rate. The rate is used based on the rules and regulations obtained from President Deputy Strategic Planning and Control. Table 8 summarizes the results of our finding. The results of Table 8 shows that X is more preferred than Y and Y is more preferred than Z and it is similar to the result of the proposed method of this paper. In addition, based on CBA we can find that only X can be performed because the NPV index for other alternatives are less than zero. Another result is that, as the proposed method cannot show the rate of NPV for the alternatives so it cannot be used alone in the economic evaluation of road safety projects; otherwise, it must be used as a complementary method to CBA.
Conclusion
In this paper, we have presented a new framework based on cost -benefit analysis and analytic hierarchy process for ranking road safety alternatives. The proposed model determined various criteria by literature review and decision makers' opinion. The proposed model was implemented for a real-world case study of improving Miyaneh -Tikmehdash one lane road to a divided two-lane road in order to reduce the accidents. The results of this model were validated by some other techniques such as net present value that is being used to prioritize the road projects. Since the results of both models were similar, our proposed model could be used for many other real-world applications. It must be mentioned that the proposed model must be used as a complementary method to help CBA justifying the road safety projects; since the model only ranks the alternatives and it cannot show whether the alternative is economically justified or not.
